INTRODUCTION
============

Hepatocellular carcinoma (HCC) is a major cause of morbidity worldwide, with 782,000 newly developed cases in 2012.[@b1-gnl-12-094] In addition to its high incidence rate, HCC is the second most common cause of cancer-related death due to its high mortality rate. HCC is characterized by significant heterogeneity among patients in terms of liver reserve function; tumor status; and etiology, including alcohol, hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, and nonalcoholic fatty liver disease (NAFLD).[@b2-gnl-12-094]

Cancer staging provides essential information about the prognosis of individual patients and helps clinicians to select standard treatment. Unlike other solid tumors, in which only the TNM staging system is generally used,[@b3-gnl-12-094] many staging systems have been developed for HCC. Currently, 10 HCC staging systems have been developed based on liver function, α-fetoprotein (AFP), performance status, and tumor staging.[@b2-gnl-12-094],[@b4-gnl-12-094] However, there is no universal consensus regarding which staging system is the most reliable to predict prognosis or to make proper recommendations for therapeutic modalities. This is due to the heterogeneity of HCC in terms of clinical characteristics, biological nature, and etiology. Among these variables, the etiology of HCC shows clear distinctions based on regional differences.[@b5-gnl-12-094] Because HCV infection and NAFLD are the main causes of HCC in Western countries, most patients in these regions have accompanying liver cirrhosis.[@b6-gnl-12-094],[@b7-gnl-12-094] In contrast, HBV infection is the main cause of HCC in Asian and African patients, resulting in preserved liver function in a decent number of these individuals.[@b8-gnl-12-094] Therefore, more aggressive treatment strategies have been considered for patients with HCC in Asian countries.[@b9-gnl-12-094]--[@b12-gnl-12-094]

The Barcelona Clinic Liver Cancer (BCLC) staging system is the most popular staging system globally because it provides not only classification but also therapeutic recommendations.[@b13-gnl-12-094] However, the BCLC staging system was developed using a population predominantly consisting of HCV-infected patients, and most patients had significant accompanying cirrhosis. Moreover, because stage B and C patients were heterogeneous, there is a possibility that inadequate treatments were provided to patients at these stages.[@b4-gnl-12-094]

In 2014, the new Hong Kong Liver Cancer (HKLC) staging system was developed based on a cohort of Asian HCC patients.[@b4-gnl-12-094] In this cohort, the most common etiology was HBV infection, and liver function was preserved in a large proportion of patients, as in the majority of Asian countries. Because this staging algorithm recommends more aggressive treatment than the BCLC algorithm, the HKLC staging system investigators insisted that it could better predict survival outcomes than the BCLC staging system. Although three validation studies were reported in France,[@b14-gnl-12-094] China,[@b15-gnl-12-094] and Taiwan,[@b16-gnl-12-094] the results were not consistent. In the current study, therefore, we validated this new staging system in prediction of survival and prognosis with recommended therapy as compared to the BCLC staging system in patients with HCC from a Korean multicenter cohort.

MATERIALS AND METHODS
=====================

1. Patients and diagnosis
-------------------------

In this study, a total of 2,571 newly diagnosed HCC patients were consecutively enrolled at three hospitals of the Korea University Medical Center (Anam, Guro, and Ansan hospitals) between January 2004 and December 2013. Pediatric patients, pretreated patients at other hospitals, and patients lost to follow-up without any treatment were excluded. The diagnosis of HCC was made according to the latest guidelines of the European Association for the Study of the Liver and American Association for the Study of Liver Diseases at the time of diagnosis based on histology and dynamic liver imaging including computed tomography scans and magnetic resonance imaging.

2. Data collection
------------------

All data were extracted from medical records retrospectively. Demographic characteristics, laboratory data, tumor characteristics, initial treatment modality, and survival outcomes were obtained through extensive review of medical records. End of follow-up date was determined by the patient's final visit to the hospital. Patient mortality status was assessed by both chart review and issuance of a death certificate. For patients lost to follow-up, we searched the Korean Cancer Center database, which contains information regarding mortality of cancer patients.

3. Statistics
-------------

Summary statistics are presented as mean or frequency (percentage), as appropriate. The baseline characteristics of patients by etiology (HBV infection, HCV infection, and alcoholic liver disease) were compared using Pearson chi-square test for categorical variables and one-way analysis of variance for continuous variables. Kaplan-Meier survival analysis was performed to estimate overall survival probability, and the log-rank test was used to compare the probability between the BCLC and HKLC staging systems. Cox proportional hazard regression model was used to compare a hazard of death for HKLC only following group compared to BCLC only following group.

The discriminant ability of the staging systems was evaluated using receiver operating characteristic curves. The prognostic capability of the staging systems was directly compared using the area under the receiver operating characteristic curve (AUROC). To compare hypothetical curves between the staging systems, a random sampling method was used, as described previously.[@b4-gnl-12-094] For the hypothetical BCLC curve, the mortality and survival duration of patients who were not treated according to the BCLC staging system were randomly replaced by survival data from patients who had the same BCLC and HKLC stage and were receiving treatment according to the BCLC staging system. The HKLC curve was generated in the same manner.

All statistical analyses were performed using SPSS version 20 (IBM Corp., Armonk, NY, USA), except for the comparison of ROC between staging systems, for which MedCalc for Windows, version 14.0 (MedCalc Software, Ostend, Belgium) was used. All reported p-values were two-tailed, and p\<0.05 was considered the minimum level of statistical significance. For full methods, please see the [SUPPLEMENTARY METHODS](#s1-gnl-12-094){ref-type="supplementary-material"}.

RESULTS
=======

1. Baseline characteristics
---------------------------

A total of 2,571 HCC patients were consecutively diagnosed with HCC at three university hospitals between 2004 and 2013. After the exclusion of pediatric patients, those pretreated at other hospitals, and those lost to follow-up without treatment, 2,211 patients were included in the analysis ([Table 1](#t1-gnl-12-094){ref-type="table"}).

The most common etiology of HCC was HBV infection (1,523, 68.9%), followed by HCV infection (256, 11.6%) and alcohol consumption (241, 10.9%). According to etiologic factors, there were significant differences in demographic and tumor characteristics including age, sex, ECOG performance status, Child-Pugh class, tumor size, number of tumors, tumor status, and vascular invasion ([Table 1](#t1-gnl-12-094){ref-type="table"}).

As initial treatment, 733 patients (33.2%) received curative therapy including surgical resection (296, 13.4%), radiofrequency ablation (RFA) (425, 19.2%), and liver transplantation (LT) (12, 0.5%). Transarterial chemoembolization (TACE) was the most common initial therapeutic modality, performed in 1,018 patients (46.0%). A total of 103 patients (4.7%) were treated with chemotherapy, and 357 patients (16.1%) received supportive care.

2. Survival outcomes according to BCLC and HKLC stages
------------------------------------------------------

When patients were classified using the BCLC staging system, 289 patients (13%) were categorized into stage 0; 722 patients (33%) into stage A; 278 patients (12%) into stage B; 635 patients (29%) into stage C; and 287 patients (13%) into stage D ([Supplementary Fig. 1A](#s1-gnl-12-094){ref-type="supplementary-material"}). The BCLC staging system showed distinct overall survival outcomes for each of the stages (p\<0.001 by log-rank test) ([Fig. 1A](#f1-gnl-12-094){ref-type="fig"}). However, BCLC C and BCLC D showed similar survival in this population.

When the HKLC staging system was used, 735 patients (33%) were included in stage I, 484 patients (22%) in stage II, 290 patients (13%) in stage III, 310 patients (14%) in stage IV, and 392 (18%) patients in stage V ([Supplementary Fig. 1B](#s1-gnl-12-094){ref-type="supplementary-material"}). Overall survival results demonstrated that the HKLC staging system also showed distinct survival outcomes according to each stage (p\<0.001 by log-rank test) ([Fig. 1B](#f1-gnl-12-094){ref-type="fig"}).

3. Prediction of survival outcomes between BCLC and HKLC staging systems
------------------------------------------------------------------------

Next, we checked the AUROC at 1 year and 3 years for both the BCLC and HKLC staging systems ([Fig. 2](#f2-gnl-12-094){ref-type="fig"}). At 1 year, the AUROC was 0.856 for BCLC (95% confidence interval \[CI\], 0.840 to 0.870) and 0.869 for HKLC (95% CI, 0.855 to 0.883). Although both staging systems showed good performance in predicting survival, the difference was statistically significant (p=0.002) ([Supplementary Table 1](#s1-gnl-12-094){ref-type="supplementary-material"}). At 3 years, the AUROC was 0.827 for BCLC (95% CI, 0.810 to 0.843) and 0.841 for HKLC (95% CI, 0.825 to 0.857). Although both staging systems showed good performance in predicting long-term survival, the difference was also statistically significant (p=0.010) ([Supplementary Table 1](#s1-gnl-12-094){ref-type="supplementary-material"}).

4. Overall survival according to following BCLC and HKLC recommendations
------------------------------------------------------------------------

Through hypothetical Kaplan-Meier curves, we compared the overall survival between two groups that were treated according to the staging system used, BCLC or HKLC. Because these were hypothetical curves, it is impossible to perform statistical comparative analysis between the BCLC and HKLC staging systems. Nevertheless, the overall median survival was relatively higher in the HKLC staging system (33.1 months) than in the BCLC staging system (19.2 months) ([Fig. 3](#f3-gnl-12-094){ref-type="fig"}).

5. Cross table according to BCLC stage, HKLC stage, and initial treatment modality
----------------------------------------------------------------------------------

In [Table 2](#t2-gnl-12-094){ref-type="table"}, all patients are arranged by their BCLC stage, HKLC stage, and the treatment modality they received initially. Although some patients received initial therapy according to the recommendations of both the BCLC and HKLC staging systems, other patients were treated according to the recommendations of either the BCLC or HKLC staging system.

Among patients classified as stage B in the BCLC system and I/II in the HKLC system, some received TACE according to BCLC guidelines, while others received curative therapy according to HKLC recommendations. When overall survival was compared between these two groups, TACE-treated patients showed significantly decreased median overall survival compared to those who received curative treatment (25.9 months vs 69.3 months, p\<0.001 by log-rank test) ([Supplementary Fig. 2A](#s1-gnl-12-094){ref-type="supplementary-material"}). Among patients classified as stage C in the BCLC system and II in the HKLC system, those who received systemic therapy according to the BCLC algorithm experienced significantly decreased median overall survival compared to those who were treated with curative therapy as indicated by the HKLC algorithm (7.5 months vs not available \[NA\], p\<0.001 by log-rank test) ([Supplementary Fig. 2B](#s1-gnl-12-094){ref-type="supplementary-material"}). Likewise, in patients classified as stage C in the BCLC system and III in the HKLC system, systemic therapy according to BCLC guidelines led to decreased median overall survival compared to treatment with TACE as indicated by the HKLC algorithm (2.5 months vs 8.0 months, p=0.004 by log-rank test) ([Supplementary Fig. 2C](#s1-gnl-12-094){ref-type="supplementary-material"}).

Among patients classified as stage 0/A in the BCLC staging system and IIIa in the HKLC staging system, patients who received curative therapy according to the BCLC staging system experienced increased median overall survival compared to those who were treated with TACE as indicated by the HKLC staging system (NA vs 13.9 months, p=0.003 by log-rank test) ([Supplementary Fig. 3](#s1-gnl-12-094){ref-type="supplementary-material"}).

6. Survival outcomes according to following recommendations
-----------------------------------------------------------

We classified patients into three groups: one group following both the BCLC and HKLC algorithms; one group following only the BCLC algorithm; and one group following only the HKLC algorithm. Among them, the group following the recommendations of both staging systems showed significantly increased overall median survival (47.1 months) compared to the group following only BCLC recommendations (18.3 months, p\<0.001 by log-rank test) or only HKLC recommendations (6.3 months, p\<0.001 by log-rank test) ([Supplementary Fig. 4](#s1-gnl-12-094){ref-type="supplementary-material"}). Between the group following only the BCLC algorithm and the group following only the HKLC algorithm, the BCLC only group demonstrated increased overall median survival significantly (p\<0.001 by log-rank test). However, the distribution of specific stages showed differences between the two groups; the group following only the BCLC recommendations had early stage patients, while the group following only the HKLC recommendations was dominated by late stage patients ([Supplementary Table 2](#s1-gnl-12-094){ref-type="supplementary-material"}). After adjustment of the BCLC and HKLC stages, interestingly, the group following the HKLC algorithm only experienced reduced risk of death compared with the group following the BCLC algorithm only (hazard ratio \[HR\], 0.601; 95% CI, 0.443 to 0.816; p=0.001) ([Supplementary Table 2](#s1-gnl-12-094){ref-type="supplementary-material"}).

Next, we checked survival outcomes according to following recommendations with adjustment of BCLC and HKLC stages in the major three etiologies of HCC, alcohol, HBV, and HCV. In patients with HCC resulting from alcohol consumption, the group following BCLC recommendations only and the group following HKLC recommendations only showed similar survival (HR, 0.983; 95% CI, 0.372 to 2.600; p=0.972) ([Supplementary Table 3](#s1-gnl-12-094){ref-type="supplementary-material"}). Among HCC patients with HBV, however, the group following the HKLC algorithm only showed significantly decreased risk compared to the group following the BCLC algorithm only (HR, 0.596; 95% CI, 0.420 to 0.845; p=0.004) ([Supplementary Table 3](#s1-gnl-12-094){ref-type="supplementary-material"}). In patients with HCC resulting from HCV, the group following only HKLC recommendations showed a relatively better survival curve than the group following only BCLC recommendations (HR, 0.536; 95% CI, 0.188 to 1.531; p=0.244) ([Supplementary Table 3](#s1-gnl-12-094){ref-type="supplementary-material"}).

DISCUSSION
==========

Since the BCLC staging system was developed and has come into worldwide use, more aggressive treatment strategies have been urgently demanded because of recent advances in treatment modalities for HCC. The HKLC staging system was developed using a large HCC cohort at a single center in Hong Kong.[@b4-gnl-12-094] This staging system showed effectiveness for selection of more aggressive treatment in patients with HCC, superiority in prediction of survival, and increased ability to predict overall survival outcomes. Although several validation studies comparing the HKLC and BCLC staging systems have been performed,[@b14-gnl-12-094]--[@b16-gnl-12-094] the results were inconsistent. In this validation study, we found some benefit of the HKLC staging system in ability to predict survival and prognosis, particularly in patients with HBV-associated HCC.

Two validation cohort studies that were based on Asian patients with HCC reported better performance of the HKLC staging system in predicting prognosis of patients with HCC, comparing to the BCLC staging system. A Chinese study included 668 patients from a single center,[@b15-gnl-12-094] and it was composed almost entirely of HBV-associated HCC patients (97.5%), similarly to the original group that developed the HKLC staging system (80.0%). In a study in Taiwan, 3,182 patients from a single center were analyzed, and HBV (41%) was not a unilaterally dominant etiologic factor for HCC compared to HCV (23%).[@b16-gnl-12-094] In particular, the Taiwan study conducted subgroup analysis after classifying patients based on the etiology of HCC; the HKLC staging system showed a significant benefit of therapeutic efficacy only in the group of HBV patients, although that result was from a hypothetical curve. Likewise, our results demonstrated that HCC patients with HBV showed a significant survival benefit when they followed the HKLC recommendations compared to the BCLC recommendations. According to a previous study, HBV-associated HCC patients showed better survival after resection or LT compared to HCV-associated HCC patients.[@b17-gnl-12-094] Therefore, HBV predominant populations showed better survival outcomes when they followed the HKLC recommendations compared to when they complied with the BCLC recommendations.

On the other hand, a European HCC cohort study revealed that the HKLC staging system did not show better predictive ability for survival compared to the BCLC staging system.[@b14-gnl-12-094] Likewise, in a subgroup analysis of HCV-associated HCC patients from the Taiwan study, hypothetical Kaplan-Meier curves did not show a difference in overall survival between the groups following BCLC and HKLC recommendations.[@b16-gnl-12-094] Generally, patients with HCV-associated HCC have accompanying cirrhosis, so curative treatment is often impossible due to poor liver function.[@b18-gnl-12-094] Although antiviral therapy against HCV has also been found to reduce the recurrence of HCC following surgery in a meta-analysis,[@b19-gnl-12-094] low sustained virologic response rate, side effects, and contraindication in advanced cirrhosis were concerns. However, because of the recent use of direct-acting antivirals, even in patients with decompensated cirrhosis,[@b20-gnl-12-094] deterioration of liver function and recurrence of HCC might be more reduced after curative therapy, and following HKLC recommendations would lead to greater survival benefits.

Due to its heterogeneity, modifications of BCLC that subclassify the intermediate stage (BCLC B) have been proposed.[@b21-gnl-12-094] Similarly, our data and the original HKLC group data showed heterogeneity in BCLC stages B and C.[@b4-gnl-12-094] This heterogeneity led to discordance in treatment recommendations between the BCLC and HKLC staging systems in some patients. In terms of prognosis, overall survival was better when patients were treated according to recommendations that were congruous between the BCLC and HKLC staging systems compared to when patients were treated following only the recommendations of either the BCLC or HKLC system. Notably, the group following only the recommendations of the HKLC system experienced a reduced HR compared to the group following only BCLC recommendations after adjustment of staging status.

When the therapeutic recommendation differed, the group following the HKLC recommendations showed better prognosis compared to the group following the BCLC recommendations in most cases. Patients with BCLC B and HKLC I/II had multinodular tumors; the largest was greater than 3 cm and the number was more than 3. The HKLC following group underwent more aggressive resection, resection with intraoperative RFA, or RFA targeting of tumors larger than 3 cm. Patients with BCLC C and HKLC II had Eastern Cooperative Oncology Group performance status (ECOG PS) 1 or branched portal vein thrombosis. Among these patients, the HKLC following group underwent aggressive resection or RFA. Patients with BCLC C and HKLC III had portal vein thrombosis. Among these patients, the HKLC following group received TACE despite portal vein thrombosis. In all of these cases, the HKLC following group received more aggressive treatment than the BCLC following group, resulting in better prognosis. In the cases of BCLC A and HKLC IIIa, however, the group following the BCLC algorithm that underwent surgical resection showed better survival compared to the group following the HKLC algorithm that received TACE. The patients in BCLC A and HKLC IIIa had a single large HCC (larger than 5 cm) with Child-Pugh class B and ECOG PS 0. Although there have been some arguments regarding whether a single large HCC should be classified into BCLC A or B[@b22-gnl-12-094],[@b23-gnl-12-094] and the Taiwan group defined a single large HCC as BCLC B,[@b16-gnl-12-094] we found that patients with single large HCCs showed better prognosis when they received surgical resection.

There are some weaknesses in the HKLC algorithm. First, the HKLC staging system is very complex compared to the BCLC staging system; the HKLC system consists of nine stages including substages, whereas the BCLC staging system consists of five stages including stage 0. In addition, since the HKLC staging system was based on a population predominantly composed of HBV patients, there was limitation for application to other populations.

A major limitation of this validation study is that it was a retrospective study. Because the therapeutic modality would be determined with consideration of a patient's individual situation, bias would be inevitable without randomization. Moreover, there was a relatively large number of patients that received TACE as initial treatment compared to Western countries, but this finding is similar in Korea and China.[@b24-gnl-12-094] The survival of patients with BCLC C and BCLC D was not significantly different in our study, probably because more patients received LT for BCLC D than for BCLC C (1.4% vs and 0.3%). In addition, there is concern that the ECOG status would be underestimated in patients with BCLC C. Lastly, there was a major difference in terms of the scope of systemic therapy. The BCLC algorithm suggests use of only sorafenib in patients with advanced HCC, whereas the HKLC algorithm recommend systemic therapy including sorafenib and cytotoxic chemotherapy in patients with HKLC stage IVa and IVb. If patients who received cytotoxic chemotherapy were regarded as not having followed recommendations for BCLC C, the survival benefit of the HKLC staging system would be weaker. However, this adjustment is unfavorable to the HKLC staging system, which includes cytotoxic chemotherapy as systemic therapy. In our population, however, the survival of patients treated with sorafenib (2.6 months) was similar to that of patients treated with cytotoxic chemotherapy (3.9 months, p=0.093).

In conclusion, although both the BCLC and HKLC staging systems well predict and discriminate the prognosis of HCC, the HKLC staging system showed more encouraging survival benefits than the BCLC staging system, especially in HBV-associated HCC. The HKLC staging system generally recommended more aggressive treatment modalities than the BCLC system. Moreover, in cases of following BCLC recommendations that were more aggressive than HKLC recommendations, the survival of patients following BCLC recommendations was superior to that of patients following HKLC recommendations. Therefore, the two systems are complementary, not alternative, and more individualized and aggressive therapy might lead to better outcomes in the treatment of patients with HCC.

SUPPLEMENTARY METHODS
=====================
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![Distinct survival outcomes for the Barcelona Clinic Liver Cancer (BCLC) and Hong Kong Liver Cancer (HKLC) staging systems. (A) Kaplan-Meier survival curve according to stages in the BCLC staging system (log-rank test, p\<0.001). (B) Kaplan-Meier survival curve according to stages in the HKLC staging system (log-rank test, p\<0.001).](gnl-12-094f1){#f1-gnl-12-094}

![Area under the receiver operating characteristic curves (AUROCs) at 1 year (A) and 3 years (B). The green line represents the AUROC for the Barcelona Clinic Liver Cancer (BCLC) staging system, whereas the blue line represents the AUROC for the Hong Kong Liver Cancer (HKLC) staging system.](gnl-12-094f2){#f2-gnl-12-094}

![Hypothetical Kaplan-Meier survival curves for the Barcelona Clinic Liver Cancer (BCLC, red line) and Hong Kong Liver Cancer (HKLC, blue line) staging systems. The overall median survival was 19.2 months for the BCLC staging system but 33.1 months for the HKLC staging system.](gnl-12-094f3){#f3-gnl-12-094}

###### 

Baseline Characteristics of the Study Population

  Characteristic       All (n=2,211)                    HBV (n=1,523, 68.9%)           HCV (n=256, 11.6%)           Alcohol (n=241, 10.9%)       p-value
  -------------------- -------------------------------- ------------------------------ ---------------------------- ---------------------------- ---------
  Age, yr              58.3                             54.9                           67.0                         62.3                         \<0.001
  Male sex             1,757 (79.5)                     1,232 (80.9)                   169 (66.0)                   233 (96.7)                   \<0.001
  ECOG PS                                                                                                                                        \<0.001
   0/1                 1,691/241 (76.5/10.9)            1,180/165 (77.5/10.8)          210/23 (82.0/9.0)            164/31 (68.1/12.9)           
   2/3/4               194/60/25 (8.8/2.7/1.1)          129/37/12 (8.5/2.4/0.8)        15/2/6 (5.9/0.8/2.3)         30/14/2 (12.4/5.8/0.8)       
  Child-Pugh                                                                                                                                     \<0.001
   A/B/C               1,311/657/243 (59.3/29.7/11.0)   949/412/162 (62.3/27.1/10.6)   139/95/22 (54.3/37.1/8.6)    114/87/40 (47.3/36.1/16.6)   
  Tumor size, cm                                                                                                                                 \<0.001
   ≤2/2--5/\>5         631/724/856 (28.5/32.8/38.7)     428/471/624 (28.1/30.9/41.0)   92/111/53 (35.9/43.4/20.7)   73/83/85 (30.3/34.4/35.3)    
  No. of tumors                                                                                                                                  0.031
   1/2--3/\>3          1,115/529/567 (50.4/23.9/25.7)   776/351/396 (51.0/23.0/26.0)   143/68/45 (55.9/26.6/17.5)   112/62/67 (46.5/25.7/27.8)   
  Tumor status                                                                                                                                   \<0.001
   Early               1,103 (49.9)                     742 (48.7)                     173 (67.6)                   115 (47.7)                   
   Intermediate        401 (18.1)                       256 (16.8)                     41 (16.0)                    53 (22.0)                    
   Locally advanced    707 (32.0)                       525 (34.5)                     42 (16.4)                    73 (30.3)                    
  Vascular invasion    599 (27.1)                       385 (25.3)                     64 (25.0)                    102 (42.3)                   \<0.001
  Metastasis           199 (9.0)                        142 (9.3)                      15 (5.9)                     23 (9.5)                     0.155
  Initial modality                                                                                                                               \<0.001
   Resection           296 (13.4)                       226 (14.8)                     21 (8.2)                     24 (10.0)                    
   LT                  12 (0.5)                         10 (0.7)                       0                            2 (0.8)                      
   RFA                 425 (19.2)                       264 (17.3)                     78 (30.5)                    48 (19.9)                    
   TACE                1,018 (46.0)                     715 (46.9)                     117 (45.7)                   107 (44.4)                   
  Systemic therapy     103 (4.7)                        77 (5.1)                       7 (2.7)                      9 (3.7)                      
  Supportive therapy   357 (16.1)                       231 (15.2)                     33 (12.9)                    51 (21.2)                    

Data are presented as number or number (%).

HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG PS, Eastern Cooperative Oncology Group performance status; LT, liver transplantation; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

###### 

Cross Table According to BCLC Stage, HKLC Stage, and Initial Therapeutic Modality

  BCLC stage   HKLC stage   Resection                                        Ablation                                         LT                                             TACE                                            Systemic therapy                                Supportive care
  ------------ ------------ ------------------------------------------------ ------------------------------------------------ ---------------------------------------------- ----------------------------------------------- ----------------------------------------------- ------------------------------------------------
  0            I            45[\*](#tfn4-gnl-12-094){ref-type="table-fn"}    94[\*](#tfn4-gnl-12-094){ref-type="table-fn"}    0[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   93                                              0                                               0
               IIa          5[\*](#tfn4-gnl-12-094){ref-type="table-fn"}     27[\*](#tfn4-gnl-12-094){ref-type="table-fn"}    0[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   24                                              0                                               1
  A            I            132[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   130[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   2[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   179                                             0                                               1
               IIa          9[\*](#tfn4-gnl-12-094){ref-type="table-fn"}     66[\*](#tfn4-gnl-12-094){ref-type="table-fn"}    1[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   82                                              0                                               2
               IIb          39[\*](#tfn4-gnl-12-094){ref-type="table-fn"}    5[†](#tfn5-gnl-12-094){ref-type="table-fn"}      1[†](#tfn5-gnl-12-094){ref-type="table-fn"}    55                                              0                                               0
               IIIa         3[†](#tfn5-gnl-12-094){ref-type="table-fn"}      2[†](#tfn5-gnl-12-094){ref-type="table-fn"}      0[†](#tfn5-gnl-12-094){ref-type="table-fn"}    13[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    0                                               0
  B            I            17[‡](#tfn6-gnl-12-094){ref-type="table-fn"}     13[‡](#tfn6-gnl-12-094){ref-type="table-fn"}     1[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    28[†](#tfn5-gnl-12-094){ref-type="table-fn"}    0                                               0
               IIa          0[‡](#tfn6-gnl-12-094){ref-type="table-fn"}      6[‡](#tfn6-gnl-12-094){ref-type="table-fn"}      1[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    6[†](#tfn5-gnl-12-094){ref-type="table-fn"}     0                                               0
               IIb          16[‡](#tfn6-gnl-12-094){ref-type="table-fn"}     15                                               0                                              64[†](#tfn5-gnl-12-094){ref-type="table-fn"}    0                                               2
               IIIa         3                                                13                                               0                                              27[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   0                                               2
               IIIb         4                                                3                                                0                                              53[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   2                                               2
  C            IIa          0[‡](#tfn6-gnl-12-094){ref-type="table-fn"}      0[‡](#tfn6-gnl-12-094){ref-type="table-fn"}      2[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    2                                               0[†](#tfn5-gnl-12-094){ref-type="table-fn"}     9
               IIb          4[‡](#tfn6-gnl-12-094){ref-type="table-fn"}      8                                                0                                              25                                              2[†](#tfn5-gnl-12-094){ref-type="table-fn"}     5
               IIIa         0                                                2                                                0                                              12[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    0[†](#tfn5-gnl-12-094){ref-type="table-fn"}     5
               IIIb         11                                               2                                                0                                              105[‡](#tfn6-gnl-12-094){ref-type="table-fn"}   3[†](#tfn5-gnl-12-094){ref-type="table-fn"}     23
               IVa          2                                                7                                                0                                              84                                              44[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   23
               IVb          4                                                6                                                0                                              55                                              21[\*](#tfn4-gnl-12-094){ref-type="table-fn"}   64[‡](#tfn6-gnl-12-094){ref-type="table-fn"}
               Va           0                                                2                                                0[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    8                                               0[†](#tfn5-gnl-12-094){ref-type="table-fn"}     3
               Vb           1                                                1                                                0                                              24                                              16[†](#tfn5-gnl-12-094){ref-type="table-fn"}    50[‡](#tfn6-gnl-12-094){ref-type="table-fn"}
  D            Va           1                                                18                                               4[‡](#tfn6-gnl-12-094){ref-type="table-fn"}    41                                              2                                               28[†](#tfn5-gnl-12-094){ref-type="table-fn"}
               Vb           0                                                5                                                0                                              38                                              13                                              137[\*](#tfn4-gnl-12-094){ref-type="table-fn"}

BCLC, Barcelona Clinic Liver Cancer; HKLC, Hong Kong Liver Cancer; LT, liver transplantation; TACE, transarterial chemoembolization.

Number of patients who received treatment in accordance with both the BCLC and HKLC recommendations;

Number of patients who received treatment in accordance with only the BCLC recommendation;

Number of patients who received treatment in accordance with only the HKLC recommendation.

[^1]: Young-Sun Lee and Yeon Seok Seo contributed equally to this work as first authors.
